Introduction
The primary feature limiting the performance of oxide-based photovoltaic and/or photocatalytic systems has traditionally been the poor absorption of visible light in these often wide band gap materials. One candidate oxide material for such applications is anatase TiO 2 which is arguably the most widely-studied photocatalyst [ 1 , 2 ] (due to its chemical stability, non-toxicity, low-cost, and excellent band alignment to several oxidation-reduction reactions) and serves as the backbone of dye-sensitized solar cells [ 3 , 4 ] where the presence of a lightabsorbing dye accounts for the critical fl aw of TiO 2 : a large band gap (3.2-3.6 eV) which limits effi cient usage of all but the UV portion of sunlight. When designing next generation solar energy conversion systems (i.e., photovoltaics, photocatalysis, etc.) the goal is clear: develop a way to more effi ciently utilize the solar spectrum. To address this material defi ciency, research has focused on two major approaches: 1) chemical modifi cations to tune the band gap of TiO 2 and 2) synthesis of composite heterojunctions that combine strong light absorbing materials with the catalytic activity of TiO 2 .
In this spirit, considerable effort has focused on doping or alloying TiO 2 to change the band gap. This work falls into two main categories: 1) metal or 2) nonmetal doping. Metal-doping is believed to generate new energy levels (i.e., defect states) within the band gap and it is thought that transition metal doping can also improve the trapping of electrons to inhibit electron-hole recombination during irradiation but generally results in degraded charge carrier lifetimes. [ 5 ] Non-metal doping is thought to impact the band structure in one of a number of possible ways, [ 6 ] but the most effective has been through band gap narrowing as was observed in N-doped TiO 2 where the band gap can be narrowed by ∼ 0.72 eV as a result of the N 2 p states hybridizing with the O 2 p states. [ 7 ] Regardless of the mechanism at play, these approaches have been demonstrated to be only minimally effective at impacting the electronic structure and properties. At the same time, much work has explored the concept of what has generically been called photochemical diodes. [ 8 ] By combining TiO 2 with another semiconductor (i.e., one that might promote additional light absorption or more effi cient charge separation) the overall performance can be improved. This includes combining TiO 2 with small band gap semiconductors such as CdS [ 9 ] and other oxide semiconductors such as SnO 2 [ 10 ] and ZnO. [ 11 ] For a more complete review of various geometries, materials, and architectures in this realm see Ref. [ 12 ] .
More recently, considerable attention has been given to a topic called hot-carrier injection. [ 13 , 14 ] Hot-carrier injection has been demonstrated to be important for photovoltaics because it could provide a way to overcome limits to theoretical efficiencies in traditional semiconductor devices by utilizing high-energy, photo-excited carriers with very short lifetimes instead of relying on minority carrier transport. Recently hotcarrier injection was observed in quantum-dot-PbSe/RutileTiO 2 wherein injection was attributed to the slow electronic relaxation in the PbSe and accepting surface states on the TiO 2 thereby avoiding losses resulting from the thermalization of photo-excited carriers. [ 15 , 16 ] The role of hot-carrier injection has also been explored in the context of photocatalysis. [ 17 , 18 ] In this manuscript, we explore a new manifestation of a TiO 2 -based composite heterojunction designed to promote Correlated electron oxides prove a diverse landscape of exotic materials' phenomena and properties. One example of such a correlated oxide material is strontium ruthenate (SrRuO 3 ) which is known to be a metallic itinerant ferromagnet and for its widespread utility as a conducting electrode in oxide heterostructures. We observe that the complex electronic structure of SrRuO 3 is also responsible for unexpected optical properties including high absorption across the visible spectrum (commensurate with a low band gap semiconductor) and remarkably low refl ection compared to traditional metals. By coupling this material to a wide band gap semiconductor (TiO 2 ) we demonstrate dramatically enhanced visible light absorption and large photocatalytic activities. The devices function by photo-excited hot-carrier injection from the SrRuO 3 to the TiO 2 and the effect is enhanced in thin fi lms due to electronic structure changes. This observation provides an exciting new approach to the challenge of designing visible-light photosensitive materials.
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more effi cient utilization of the solar spectrum for energy applications. We report on photovoltaic and photocatalytic effects in heterojunctions of anatase TiO 2 together with a strongly absorbing "metallic" oxide SrRuO 3 that has structural, electronic, and chemical compatibility with TiO 2 . SrRuO 3 is a correlated electron oxide which is known to possess metal-like temperature dependence of its resistivity and itinerant ferromagnetism and for its widespread utility as a conducting electrode in oxide heterostructures. [ 19 ] Referring to this material as a "metal," however, is likely inappropriate as the electronic structure and properties are derived from a combination of complex electronic density of states, electron correlations, and more. We observe that the unusual electronic structure of SrRuO 3 is also responsible for unexpected optical properties including high absorption across the visible spectrum and low refl ection compared to traditional metals. By coupling this material to TiO 2 we demonstrate enhanced visible light absorption and large photocatalytic activities. The devices function by photo-excited hot-carrier injection from the SrRuO 3 to the TiO 2 . This observation provides an exciting new approach to the challenge of designing visible-light photosensitive materials.
Results and Discussion

Structural and Optical Properties
Epitaxial thin fi lm versions of the materials of interest were grown via pulsed-laser deposition (details of which are provided in the Experimental Section). For this work, SrRuO 3 thin fi lms were varied from 5-100 nm, anatase TiO 2 fi lms were varied from 10-100 nm, and all fi lms were grown on SrTiO 3 (001) substrates. The structure, phase, and orientations of the fi lms were characterized by X-ray diffraction. A typical diffraction pattern for a 25 nm TiO 2 /50 nm SrRuO 3 /SrTiO 3 (001) heterostructure shows that the fi lms are single phase, 00 l oriented, and that the TiO 2 forms in the anatase structure ( Figure 1 ). Following growth and structural characterization, we proceeded to study the optical properties of the SrRuO 3 thin fi lms. The optical properties were characterized by photospectrometry (to probe UV-Visible-near-IR transmittance, refl ectance, and absorbance) and variable-angle spectroscopic ellipsometry (to probe refractive index, n , and extinction coeffi cient, k ). The refl ectance of a 50 nm SrRuO 3 /SrTiO 3 (001) heterostructure, as measured by photospectrometry and calculated from n and k (Supporting Information, Figure S1a , b), was found to be 20-25% across the entire range of visible light ( Figure 2 a) . As a comparison, the values of refl ectance for representative elemental metals Al, Au, Pt, and Ti [ 20 , 21 ] are generally in excess of 80-90% across the same range of wavelengths. The discrepancy between the low refl ectance in the SrRuO 3 and the elemental metals indicates that the electronic structure of the former gives rise to dramatically different optical properties. Additionally, the absorption coeffi cient ( α ) (calculated from transmission and refl ection data (Supporting Information, Figure S1c For comparison, the absorption coeffi cient for the widely used semiconductor silicon is approximately 1-to-3 orders-of-magnitude smaller than that of SrRuO 3 across this same range of wavelengths. Furthermore, the absorbance of the SrRuO 3 fi lms is observed to increase with increasing fi lm thickness 
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may further split into states of t 2g and e g symmetry. For SrRuO 3 , electron-electron correlations are quite weak and the Hubbard bands merge to form a single partly fi lled band at E F . [ 26 ] The result is that in SrRuO 3 there is essentially a continuous DOS above E F which allows for optical inter-and intra-band transitions between states and corresponding continuous light absorption across the solar spectrum. The combination of low refl ection and high absorption, the lack of a distinct band gap, and a continuous DOS near and above E F make SrRuO 3 an exciting light absorbing material.
Photovoltaic Devices and Response
We proceeded to study the potential of SrRuO 3 -based heterostructures for solar applications by investigating the photoexcited carrier generation and transport in 100 nm TiO 2 / 50 and 10 nm SrRuO 3 / SrTiO 3 (001) Schottky junction photovoltaic devices. 100 nm thick, 100 μ m diameter circular top contacts were created using the transparent conducting oxide 10% SnO 2 -doped In 2 O 3 (ITO) and the resulting devices were used to measure dark and light current-voltage (I-V) characteristics ( Figure 3 a) . Light measurements were completed using a range of longpass glass fi lters in order to differentiate the photocurrent generated from light absorption in the SrRuO 3 alone as compared to that from the entire TiO 2 /SrRuO 3 heterojunction. In all cases, AM1.5G light was used as the starting illumination and longpass glass fi lters cutting off progressively more of the AM1.5G spectrum at increasing wavelengths were used to step through the solar spectrum (details of all light-based measurements and additional information on the various longpass glass fi lters are provided (Supporting Information, Figure S2 ); throughout the remainder of the discussion we will refer to the fi lters by the longpass wavelength cutoff below which they have an optical density (OD) of 2 or higher [ λ OD2 ]).
Dark I-V measurements, here shown for a 100 nm TiO 2 / 10 nm SrRuO 3 heterostructure, reveal diode curves (black data, The implication of this absorption for solar energy applications is illustrated by comparing the fraction of the AM1.5G light spectrum that is absorbed by SrRuO 3 and TiO 2 (Figure 2 c) . The absorption spectra are calculated from the experimentally measured refl ectance and absorption coeffi cient which allows us to calculate the non-refl ected light spectrum ( I 1 ) from the reference AM1.5G spectrum ( I 0 ) (as obtained from the ASTM G-173-03 Reference Spectra) as I 1 = I 0 (1 − R ). This gives a measure of the non-refl ected light that enters of the SrRuO 3 layer. Then, using the Beer-Lambert law we can obtain the transmitted light intensity I 2 = I 1 e − α t where t is thickness of the SrRuO 3 fi lm. Finally, the absorbed light spectra are obtained by subtracting I 2 from I 1 . From such an analysis, we fi nd that a 100 nm TiO 2 thin fi lm absorbs only 0.91 mW/cm 2 of the 100 mW/cm 2 AM1.5G spectrum (orange area, These results indicate that SrRuO 3 , despite exhibiting the electronic character of a bad metal (decreasing resistivity with decreasing temperature), [ 22 , 23 ] behaves optically as a semiconductor. Again, for comparison, a 100 nm thick fi lm of silicon would absorb only 6.9 mW/cm 2 -an order of magnitude less than SrRuO 3 of the same thickness. Additionally, although SrRuO 3 has been widely studied in the condensed matter physics community and is utilized as a metal oxide electrode for the epitaxial growth of many functional oxide thin-fi lm devices [ 19 ] the use of this material as an optical absorber for photosensitive devices has not been considered. This strong light absorption is supported by experimental [24] [25] [26] and fi rst-principle [ 27 , 28 ] studies of the electronic structure. In SrRuO 3 there is a high electronic density-of-states (DOS) at the Fermi energy ( E F ) associated with a quasiparticle band and occupied and unoccupied portions of the split Ru t 2g bands. This structure, which has been explained using dynamic mean fi eld theory, [ 29 ] arises because SrRuO 3 exists near a Mott transition and thus its one-particle spectral function will be split into two Hubbard bands in addition to the quasiparticle band located at the E F . Additionally, the upper Hubbard band 
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the depletion width in the TiO 2 fi lms is estimated to be between 620-1,990 nm. The thicknesses of TiO 2 layers used in this work are less than 100 nm and thus in all cases herein, the TiO 2 layers are expected to be fully depleted resuling in a built-in electric fi eld that drives charge extraction from the SrRuO 3 .
To better understand the operation of this device, we combined published values of work functions for these materials [ 30 ] and detailed electronic measurements to construct a proposed band diagram to help explain the observed photovoltaic response. The nature of the various electronic interfaces has been studied in detail. Using a sister device structure, ITO/ TiO 2 /0.5% Nb-doped SrTiO 3 (001), we were able to probe the nature of the ITO/TiO 2 interface. 0.5% Nb-doped SrTiO 3 (001) substrates are known to have metal-like conductivity, possess similar crystal structure and chemistry to SrRuO 3 , and present a nearly invariant work function of 4.1 eV that allows for direct study of the electronic structure of the ITO/TiO 2 interface. (Figure 3 c) . Thus the operation of the photovoltaic devices is likely infl uenced by two major factors. First, the large difference in carrier concentration between the TiO 2 and SrRuO 3 results in full depletion of the TiO 2 layer and formation of a built-in fi eld that could help extract photo-excited hot-carriers from the SrRuO 3 . Second, the small difference in the Schottky barrier heights at the two interfaces (i.e., ITO/TiO 2 and TiO 2 /SrRuO 3 ) further supports the formation of a net (small) electric fi eld in the TiO 2 that favors the separation and transport of photo-excited carriers. In comparison to previous studies of hot-carrier devices, in which photoelectrons were accepted by surface states on the TiO 2 , in our system the carrier production and injection results from the unique electronic structure and resulting light absorption in the SrRuO 3 and the built-in electric fi eld in the depleted TiO 2 . This is the fi rst observation and utilization of the strong light absorption of the "metallic" complex oxide SrRuO 3 and hot-carrier injection in this system in the context of an energy application.
Photocatalytic Devices and Response
To assess the photocatalytic performance of the TiO 2 / SrRuO 3 heterojunctions we measured the photo-degradation of methylene blue (MB) dye. MB photo-degradation is a widely used method to evaluate the visible light activities of photocatalysts [ 31 , 32 ] and can be considered as a surrogate to photo catalytic water splitting when comparing one device to another. These studies were achieved using a collimated 300 W Xe arc lamp with an AM1.5G fi lter and condenser lens these devices are provided (Supporting Information, Figure S3 ). In all cases, the bias voltage for the I-V studies is applied to the top ITO contacts. Under AM1.5G light illumination, the diode curve is shifted in the positive current direction and a photovoltaic response is observed at zero applied voltage (Figure 3 a) . When the vast majority of light absorption in the TiO 2 is removed by utilizing longpass glass fi lters that cut-off light with energies larger than the band gap of TiO 2 ( ∼ 3.4 eV for our fi lms as measured via transmission-absorption which corresponds to all longpass glass fi lters with a λ OD2 ≥ 364 nm), a series of diode curves with short circuit current densities ( J SC ) of 2-10 μ A/cm 2 are observed. The existence of a J SC that is several orders-ofmagnitude larger than the dark current even when illuminated by light with energies below the band gap of TiO 2 clearly demonstrates that the photocurrent is generated from light absorption in the SrRuO 3 .
To glean further information about the nature of the photovoltaic behavior in the TiO 2 /SrRuO 3 heterojunctions, we graph the J SC observed as a function of the longpass glass fi lter λ OD2 for devices with both 10 and 50 nm of SrRuO 3 (Figure 3 b) . Again, the J SC values are at least two orders-of-magnitude higher than the dark current ( J 0 ). Recall that the SrRuO 3 has strong, continuous absorption across the entire energy range probed here whereas the TiO 2 only effectively absorbs light with energies above ∼ 3.4 eV (Figure 3 b) . We also observe an exponential increase of the J SC with decreasing cut-off wavelength which is a key to understanding the mechanism responsible for the visible light activity in these heterojunctions. The exponential dependence of the J SC with λ OD2 suggests that fewer photoelectrons are transported over the Schottky barrier between the TiO 2 and SrRuO 3 as the longpass glass fi lters progressively remove more of the higher energy photons. It is obvious that the absorption of high-energy photons in the SrRuO 3 should result in the excitation of electrons to higher energy states thereby effectively increasing the probability that these excited electrons will have suffi cient energy to overcome the Schottky barrier and be transported into the TiO 2 . Additionally, it should be noted that the observed trends and values of the J SC for heterojunctions based on both 10 nm and 50 nm SrRuO 3 fi lms are essentially the same. This further supports the argument that the mechanism responsible for the observed photovoltaic effects is not bulk in nature, but arises from an effect near the TiO 2 /SrRuO 3 interface since the 50 nm thick fi lm should absorb ∼ 3.8 times more light than the 10 nm thick fi lm, but both exhibit similar J SC values as a function of cut-off wavelength.
The driving force for this charge injection from the SrRuO 3 into the TiO 2 likely arises from the fact that there is a 6-to-7 order-of-magnitude difference in carrier concentration between TiO 2 and SrRuO 3 which results in the TiO 2 layer being fully depleted. Using standard equations, the depletion width of the TiO 2 can be calculated as W ≈ 
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based on our proposed model of hot-carrier injection, we explored whether multiple refl ections of the incident light in an ultra-thin fi lm could account for the strong thickness-dependent increase in the photocatalytic activity due to increased light absorption in the top several nanometers where there is an enhanced probability of such hot-carriers being injected. Based on the measured absorption coeffi cient of SrRuO 3 and the calculated refl ectance values for the TiO 2 /SrRuO 3 and SrRuO 3 / SrTiO 3 interfaces we found that the amount of light absorbed in the top 2 nanometers of the SrRuO 3 could potentially be increased by ∼ 40% when going from a 50 nm to 5 nm thick SrRuO 3 fi lm. These calculations included up to 5 passes of the light through the thickness of the fi lms after which the absorbed light intensity was < 1% of the initial absorbed intensity. Although impressive, this does not account for the ∼ 1650% increase in the mass normalized photocatalytic activity. Another possible explanation that was considered was that the surface potential (i.e., the reduction/oxidation potential) of the TiO 2 changes as a function of SrRuO 3 thickness. Although plausible, this is unexpected as all heterojunctions studied have TiO 2 fi lms prepared in the same manner with the same phase (anatase), exposed surface facet ((001)), thickness (10 nm), effective defect density, and (as noted previously) all the TiO 2 fi lms are uniformly depleted by the high carrier concentration of the underlying SrRuO 3 layer. Therefore the surface electrochemical properties of the TiO 2 fi lms are expected to be the same for all heterojunction samples. Additionally, we explored the evolution of the electronic transport of SrRuO 3 as a function of thickness. Using temperature-and magnetic fi eld-dependent resistivity studies we were able to extract the resistivity, carrier density, and mobility for the SrRuO 3 fi lms as a function of thickness and in TiO 2 / SrRuO 3 heterojunctions. The room temperature resistivity (carrier concentration) for 50 nm and 10 nm SrRuO 3 fi lms were found to 227 μ Ω -cm (8.43 × 10 22 cm − 3 ) and 281 μ Ω -cm (8.93 × 10 22 cm − 3 ), respectively. Even subsequent growth of a 10 nm TiO 2 layer on the SrRuO 3 fi lm had little effect on the room temperature resistivity and carrier concentrations (267 μ Ω -cm and 9.02 × 10 22 cm − 3 , respectively). In all cases the room-temperature carrier mobility was found to be between 0.19-0.25 cm 2 V − 1 s − 1 . These values are consistent with that expected for SrRuO 3 to produce 3,760 mW/cm 2 full AM1.5G spectrum light and 3,280 mW/cm 2 AM1.5G spectrum light fi ltered with a λ OD2 = 416 nm longpass glass fi lter (which removes more than 99.97% of light with energy above the ∼ 3.4 eV band gap of TiO 2 and is henceforth referred to as UV-fi ltered light). Further details of the MB studies are provided (Supporting Information, Figure S5 ). The photocatalytic activity of the heterostructures was studied as a function of the SrRuO 3 thickness and, for the range of thicknesses studied, the rate constant and initial reaction rate (activity) was observed to increase with decreasing fi lm thickness under both AM1.5G illumination and UV-fi ltered light ( Figure 4 a) (the normalized MB concentration time trace data for all samples is provided (Supporting Information, Figure S6 ). To put this activity in context, we compare the performance of the TiO 2 /SrRuO 3 heterostructures to that of a 10 nm TiO 2 / SrTiO 3 control sample and the results of Ref. [32] which studied Degussa P25 and nitrogen-doped TiO 2 nano-powders under similar experimental conditions to those used here, i.e., high intensity light (390 nm laser light with a light intensity of 5,090 mW/cm 2 ), pH = 7 solution, and no electrolyte. We compared the mass-normalized activities (obtained by dividing by the total mass of the TiO 2 /SrRuO 3 catalyst assuming the theoretical densities of 6.489 and 4.23 g/cm 3 for SrRuO 3 and TiO 2 , respectively) and found that the normalized activity of the highest performing TiO 2 /SrRuO 3 photocatalyst is more than 3 times higher than the equivalently normalized activity for nitrogen-doped TiO 2 and more than 25 times higher than the Degussa P25 nanopowders (despite our use of broad-band illumination with considerably less light intensity) (Figure 4 b) . Additionally, the TiO 2 /SrRuO 3 heterojunction has 25 times higher mass-normalized activity than the 10 nm TiO 2 /SrTiO 3 control sample. This enhanced performance is likely the result of the enhanced light absorption in the SrRuO 3 layer.
Thickness Dependence of Photocatalytic Response
To understand the increase in the photocatalytic activity with decreasing SrRuO--3 fi lm thickness, we explored a range of possible explanations including potential electronic, optical, and chemical changes which we will summarize here. For instance, 
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transitions from the occupied Ru t 2g states to the unoccupied Ru t 2g and e g and the Sr 4 d states. [ 26 ] The optical conductivity, σ , was calculated from the measured n and k values as σ = nkω/2π . Our measurements of the optical conductivity of thick SrRuO 3 fi lms ( > 25 nm) ( Figure 5 a) are consistent with previous reports [ 26 , 42 ] which reveal a lower optical conductivity to the high-energy side of the Drude peak (not shown in Figure 5 ) and smooth, undulating features at photon energies greater than ∼ 2.5 eV. Dramatic differences, however, are observed in thinner fi lms where there is a clear evolution of fi ne structure and distinct separation of states in the SrRuO 3 optical conductivity spectra (Figure 5 b, c) . Although the electronic DOS well above E F has only been studied in bulklike fi lms and samples (not ultra-thin fi lms), the evolution of sharp features in the DOS is observed across a range of energies in fi rst-principles calculations for ultra-thin SrRuO 3 .
[ 34 ] We propose that the observed changes in the optical conductivity are indicative of changes in the electronic structure as noted in the literature [ 43 ] and that this change in electronic structure could also produce changes in the excited (above E F ) electron dynamics thereby impacting the hot-carriers. To prove such a connection, additional studies of excited carrier dynamics (i.e., transient carrier lifetimes) should be completed. Such experiments, however, are expected to be diffi cult due to the potentially extremely short lifetimes of these excited carriers and the relatively high energy of photons needed to probe the features in the optical conductivity and are beyond the scope of this treatment.
Conclusion
In conclusion, we observe that the "metallic" oxide SrRuO 3 possesses a high absorption coeffi cient ( > 1.5 × 10 5 cm − 1 ) and low refl ectance ( < 25%) over the entire visible light spectrum due in part to a complex DOS and a nearly continuous range of interand intraband excitations that are possible in the material. From light-dark I-V studies, we observe evidence for photonexcited hot-carrier generation and injection from SrRuO 3 to TiO 2 . The strong light absorption in SrRuO 3 can, in turn, be used to increase the effi ciency of TiO 2 as a photovoltaic and photocatalytic material. These novel optical properties and the resulting high photoelectrochemical performance of the TiO 2 / SrRuO 3 heterostructures provide an interesting new approach that could advance the fi eld of photocatalysis and further broaden the potential applications of other metallic oxides.
Experimental Section
Synthesis of materials: Films were grown using pulsed-laser deposition. Thin fi lms of SrRuO 3 were grown at a laser fl uence of 1.05 J/ cm 2 and laser repetition rate of 5 Hz at 660 ºC in 100 mTorr of oxygen. Following growth of single-layer SrRuO 3 fi lms, the samples were cooled to room temperature in 760 Torr of oxygen. Thicknesses were measured ex situ via fi tting of X-ray diffraction Kiessig fringes and X-ray refl ectivity studies. For TiO 2 /SrRuO 3 heterostructures, following the growth of the SrRuO 3 layer, the sample was cooled in situ to 600ºC where the TiO 2 layers were deposited at a laser fl uence of 0.96 J/cm 2 and laser repetition rate of 10 Hz in 1 mTorr of oxygen. Following the growth, the fi lms were cooled to room temperature in 1 mTorr of oxygen. All fi lms fi lms from the extensive literature [ 19 ] and with prior thickness dependent studies [33] [34] [35] which suggest a critical thickness for changes in the near E F electronic structure (and deviation from the expected metallic and magnetic properties) of 4-5 monolayers ( ∼ 1.5-2 nm) and relatively little effect on those properties within the range of thicknesses studied herein (5-50 nm).
Such transport studies probe the near and below E F electronic structure of materials, but the process of photo-excitation generates electrons at higher energy states which cannot be probed with these techniques. In the context of our proposed mechanism of hot-carrier injection, it is important not only to understand the near-and below-E F response of the material, but also the above E F opto-electronic response of the material as a function of thickness. To do this, we utilized optical conductivity which is a powerful tool for studying above -E F electronic states in materials [ 36 ] and can be correlated to the band structure in that it provides a quantitative measurement of the probability of optical transitions convoluted with the electronic DOS. [37] [38] [39] According to Fermi's golden rule, the optical transition rate from an initial state to a fi nal state is a function of the DOS of the initial and fi nal states. For solids, the transition matrix element that describes the nature of this transition also depends on the overlap integral between the initial and fi nal states. In SrRuO 3 the O 2 p bands are hybridized with the Ru 4 d and the Sr 4 d bands resulting in a complex DOS. [ 40 , 41 ] Researchers have identifi ed a number of possible transitions in this system including transitions from the O 2 p to the Ru t 2g and e g and the Sr 4 d states and additional inter-and intraatomic transitions (which are possible due to the hybridization with the O 2 p bands and/or local distortions) [ 36 ] that include 
